the particles and evolve for further 150 orbits. We use particles of Stokes number St=0.05, equivalent to 5cm at 1AU and 0.5mm at 100AU.
We solve the equations with the Pencil Code. The code, including improvements done for the present work, is publicly available under a GNU open source license and can be downloaded at http://www.nordita.org/software/ pencil-code.
The results are shown in Fig. 1 . The left and right panels show the vorticity of the gas and the bulk density of pebbles, respectively. The upper panels show the model with backreaction. The lower panels represent a control run without backreaction. The lower plot is each frame is a slice through the midplane. Before the insertion of pebbles the box has saturated turbulence with convective overstability, with α ≈ 5 × 10 −3 . Two large scale vortices are seen. In the control runs without backreaction, the trapping of pebbles leads to a density enhancement of about a factor 30, as expected as a result of equilibrium between drag force and diffusion (Lyra & Lin 2013) . In the simulation with backreaction, it is seen that the pebbles disturb the vortex around the midplane, where the pebbles sediment. If all data we had was the midplane, i.e., if the simulation was 2D, we would conclude that the pebble load destroyed the vortex. Yet, as clear from the 3D box, although the pebbles do disturb the vortex around the midplane, the column does not get destroyed. This result is important because based on the previous 2D result suggesting complete disruption, the vortex interpretation of ALMA observations has been called into question. We show instead that the vortex behaves like a Taylor column, and the pebbles as obstacles to the flow. Pebble accumulation in the center of the vortices proceeds to roughly the same concentration as in the control run without backreaction. Upper panels: Vorticity (left) and bulk density of solids (right) in a model with drag force backreaction. The particles concentrate in a thin layer around the midplane in the vortex core. Yet, the heavy particle load does not destroy the vortex column, that keeps concentrating particles. Lower panels: control model without backreaction.
